Abstract
what extent. More specifically, we shall focus our attention on addressing the following questions: Does it make sense to diversify portfolio a in the markets in question? How can we select stocks that create a diversified portfolio, and how many stocks are needed for efficient diversification? Do efficient portfolios outperform world leading stock market indices?
For the purpose of the analysis we use two methodological approaches: Principal Component Analysis and the Markowitz portfolio optimization method.
The paper is divided into five parts. The Section 2 literature review provides an overview of the theoretical background of the research on the potential gains from diversification, and shows the results of previously conducted research. Section 3 explains the methodology used for the analysis. Section 4 explains the data, gives the results of principal component analysis and identifies the diversification possibilities using the Markowitz portfolio optimization method. Finally, a brief summary and concluding remarks are given in Section 5.
LITERATURE REVIEW
Diversification has long been known to mankind, as reflected in the idiom: "Never put all of your eggs in one basket". Lowenfeld (1909) is considered the first academic to introduce discussion on the topic of diversification. Diversification was a known subject among market practitioners. The modern understanding of diversification goes back to the work of Markowitz (1952) . With his work "Portfolio Selection" in 1952, the author set the foundations for Modern Portfolio Theory and gave direction on how to distinguish between effective from ineffective portfolios. For the first time, Markowitz introduces the efficient frontier, or as the author referred to it, a set of efficient mean-variance combinations, where return is represented by the mean return of investment, and risk is represented by the square root of variance of returns. Markowitz thereby explains portfolio space as space defined by the return and risk, where efficient portfolios are those that have the highest returns for a given risk, and the lowest risk for a given return. The total risk of an asset is divided into idiosyncratic risk and systematic risk. Idiosyncratic risk is that which can be diversified, while systematic cannot be diversified. Therefore, diversification would represent a combination of assets that reduces idiosyncratic risk and leaves the group (portfolio of assets) only with, in an ideal case, systematic risk. Markowitz diversification is defined as a strategy that combines those portfolios that have correlation less than 1 (that are not perfectly correlated) with the goal of minimizing risk while not decreasing return.
After the emergence of Modern Portfolio Theory researchers investigated the possibilities of diversification in the market. Two opposite lines of thoughts emerged, one in favour and the other against diversification theory. Shawky, Kuenzel and Mikhail (1997) synthesized research in this field and argued that when looking at ex-post data, there is a potential for international diversification. On the other side, the results for ex-ante data are questionable because of changes in correlations through time. In their paper they also refer to authors who have investigated the importance and rapid growth of emerging markets and the possibilities for diversification in those markets (Claessens et al., 1995; Tesar and Werner, 1995) . Finally, they conclude that it is difficult to determine an optimal investment strategy ex-ante. Unstable correlation structures and stronger co-movements among international capital markets lead to reduced possibilities for international diversification. However, they did find strong evidence supporting international portfolio diversification as a method to reduce portfolio risk without negative effects on expected return.
Analyses of South-East European (SEE) stock markets have been reported by several papers with conflicting findings, which makes this field of research interesting and challenging. Guidi and Ugur (2014) identify three reasons for increased interest in this investment region. First, both the European Bank for Reconstruction and Development (EBRD) and the European Union (EU) are encouraging financial reforms in these countries in order to enable an inflow of FDI. Second, significant integration with EU markets has been reported as a result of increased trade and direct investment flows. Finally, the market capitalization of these markets doubled as a percentage of GDP from 2000 to 2010. The authors analysed the stock markets of Bulgaria, Croatia and whether they are integrated with developed counterparts in Germany, the UK and the USA. Static cointegration analysis showed the existence of relations with German and UK markets over the period 2000-2013, but not with the US market. Further, they investigated diversification possibilities in these markets and concluded that potential exists. Diversification benefits did exist from September 2007 to June 2013 despite evidence of dynamic cointegration during most of the crisis period from September 2008 to May 2010. Syriopoulos (2011) investigated the short-and long-run behaviour of major Balkan equity markets (Romania, Bulgaria, Croatia, Turkey, Cyprus and Greece), and developed (Germany, US) stock markets and the impact of the EMU on stock market linkages, and Syriopoulos and Roumpis (2009) analyse time-varying comovements, volatility implications and dynamic correlations.
They found that correlations between Balkan and developed stock markets are modest and stable over time. In contrast, Guidi and Ugur (2014) report that Syllignakis and Kouretas (2011) show that correlations between Central and South-Eastern European markets and the USA and German markets vary over time, with a tendency to increase during periods of financial turmoil. Horvath and Petrovski (2013) compared Central and South Eastern Europe stock market integration. As countries of Central Europe they included the Czech Republic, Hungary and Poland, while the analysis of South Eastern Europe included Croatia, Macedonia and Serbia. For the analysis they used GARCH models for the period from 2006 until 2011. The analysis was divided according to these groups. As a final conclusion they reported that the correlation is much higher for Central European than for South Eastern European stock markets. The correlation is essentially zero for South Eastern European stock markets with developed markets, with the exception of Croatia, which has a slightly higher integration with Western Europe, but lower than those of Central European stock markets. Zaimović and Arnaut-Berilo (2015) conducted unique research on the subject of diversification possibilities between stock markets in Bosnia and Herzegovina and Germany. The trade of Bosnia and Herzegovina with Germany in 2015 amounted to 15.7% of total exports and 12% of total imports, implying the importance of trade with Germany for Bosnia and Herzegovina. Zaimović and Arnaut-Berilo (2015) reported that the German equity market is more mean variance efficient than the Bosnian equity market. They conclude that investment spreading among these markets can decrease portfolio risk in the precrisis and post-crisis periods.
Several papers refer also to the diversification possibilities in a single market. Benaković and Posedel (2010) use a factor model approach to analyse the movement of returns on fourteen stocks from the Croatian capital market in the period from 2004 to 2009. Kovačić (2007) investigated the behavior of stock returns in the Macedonian Stock Exchange. Bogdan, Bareša and Ivanović (2010) analysed portfolio consisted of stocks from Zagreb Stock Exchange and questioned whether there are any diversification possibilities within this market for the chosen securities. They identify correlation coefficients among chosen stocks but were careful with reporting their results because of problems with low turnover and the liquidity of stocks in question for the analysed period.
METHODS AND DATA 3.1 Methods
For analysis of diversification possibilities in this paper we will use two approaches: Principal Component Analysis (PCA) and the Markowitz Mean Variance portfolio optimization method (MV). Markowitz's methodology is used to demonstrate the diversification possibilities on the selected capital markets, but also to examine mean -variance (MV) efficiency for all and selected equities. As a result of MV analysis we get a set of efficient portfolios composed of a large number of shares. Choosing a subset among a large number of shares in analysis is quite important when it comes to practical application. PCA analysis is used to identify the set of equities that best describe the variability of a selected equity market. It is an alternative for reduction in complexity and identifying uncorrelated components without losing the variation given by variances and correlations or covariance.
The classical Markowitz portfolio model is used to determine the efficient return-risk combination, i.e. the efficient frontier (EF) 1 . The efficient frontier is convex curve and lies between the portfolio with minimal standard deviation and the portfolio with a maximum rate of return (mean). The model includes portfolio expected return and portfolio variances , where investments satisfy the investment constraints: and no negativity conditions .
The square root of portfolio variance is used as a measure of portfolio risk and includes correlations between equity returns. Markowitz argued that low or negative correlations will eliminate portfolio risk, measured by . In determining the efficient co m b i n at i o n of a set of securities, several optimization problems are detected. First, the model must identify the portfolio with the lowest possible variance (the starting point of EF); second, the model must identify the portfolio with the highest return possible (the ending point of EF). In addition, for every rate of return the lowest variance portfolio must be determined, and for every variance the highest return portfolio must be determined.
If the investor considers investing in a portfolio, with a pre-determined value of expected return on investment E, we have an additional constraint:
1 The mean-variance combination of a portfolio is efficient if there are no other combinations with the same return, and a lower variance, or the same variance and higher return.
. As a result, the model represents the investment vectors that provide the absolutely minimum portfolio return variance with the pre-set return E. By choosing randomly expected return of investment in the range 2 we can determine the efficient set of the observed security (Arnaut-Berilo and Zaimović, 2012) .
PCA has the ability to decompose interrelated variables into uncorrelated components. The idea then is to observe correlations in the structure of equity, identify uncorrelated risk sources in the market and chose the equity from a different risk source. We used the Kaiser -Meyer -Olkin (KMO) measure of sampling adequacy and Bartlett's Test of Sphericity.
The KMO statistic compares the value of correlation between stock returns to those of the partial correlations. If stocks share more common, variations in the KMO will be close to 1, while a KMO close to 0 indicates that PCA will not extract much useful information.
, where r ij is correlation between stock returns and are partial correlations.
Bartlett's test of sphericity tests the null hypothesis that the correlation matrix is equal to the unit matrix. If we accept the null hypothesis, this means that there is no intercorrelation between variables. The Bartlett Test is given by: 2 . and follows χ 2 distributions with degrees of freedom.
For the purpose of this paper we will use the principal component approach, which follows the Jolliffe (2002) variable selection method and Kaiser's rule (Kaiser, 1960) .
Data
Our starting sample consisted of 47 stocks and 23 indices observed over the period from 1 st January 2006 until 1 st April 2016. List of stocks and indices used is provided in Table 1 and 2.
We selected stocks with sufficient liquidity, namely for a minimum of 440 trading days during the observed period. Most liquid stocks and wide indices from the analysed markets are included in the sample.
The selected stocks were being traded in the five SEE capital markets (those of Croatia, Serbia, Montenegro, Macedonia and Bosnia-Herzegovina 3 ), while the analysed stock market indices covered in addition to these five SEE capital markets the capital markets of Romania and Bulgaria. Moreover, some world leading market indices were also included (representing the US, the UK, German, Austrian, Italian and Japanese capital markets).
The analysis was conducted using monthly logarithmic returns calculated based on stock prices (and in the case of indices, index values) at the beginning of each month. The price on the first trading day of each month during the analysed period was used, and if that was not available, the first prices prior to the first trading day of each month. Due to missing data, and nonsynchronous trading problems, we have excluded 10 stocks and indices from further analysis.
3 Bosnia -Herzegovina's capital market consist of two stock exchanges, Sarajevo Stock Exchange and Banja Luka stock exchange. 
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If the following is true the model would be unsolvable, and if then the solution to the system (1-4)
would not be an element of the efficient set, where a n d corresponds to the efficient portfolio with the lowest variance and maximum return, respectively
RESULTS AND DISCUSSION 4.1 Diversifications possibilities on SEE equity markets
In order to examine the possibilities for diversification in SEE equity markets, we have used an MV efficient set, i.e. an efficient frontier. Notice, once again, that the efficient frontier is a convex curve in a mean-variance coordinate system and that every dot (representing a portfolio of stocks) inside this convex set is less efficient than portfolios on the efficient frontier. Figure 1 shows the MV efficient frontier formed by sample stocks from six stock exchanges (Sarajevo, Banja Luka, Belgrade, Zagreb, Skopje, Podgorica) and two stock exchange indices from Romanian and Bulgarian capital markets (the Bucharest and Sofia stock exchanges). The effects of diversification with a lower standard deviation for the given level of expected return, or a higher expected return for the given level of standard deviation, are visible along the whole efficient frontier.
SEE markets portfolios outperform every stock exchange efficient portfolios. Stocks on the Macedonian stock exchange were the best performing, while the Sarajevo Stock Exchange stocks were the worst performing over the observed period. The effects of diversification in terms of the value of the standard deviation on different efficient frontiers can be seen in Table 3 also shows the investment weights for every market in the SEE efficient portfolio with the expected return of 0.484% and a standard deviation of 4.66%. Regardless of the expected high integration and low diversification possibilities of SEE equity markets, due to the increased returns correlations during and after the recent global financial crisis, we find a substantial benefit from spreading out the investments in the whole SEE region, rather than investing in one market only. As we can see form Table  3 , five out of six stock exchanges take part in this efficient portfolio, i.e. Belgrade Stock Exchange is left out of the selected mean-variance efficient portfolio. In addition, we created a mean-variance efficient frontier from all sample stocks and indices (in total 60). Besides the above SEE market stocks and indices we added the following indices: S&P, DJIA, NASDAQ, DAX, FTSE 100, Nikkei, ATX and FTSE MIB. The effects of diversification are visible in the "lower" part of the efficient frontier, i.e. in achieving lower standard deviation, Figure 2 . It is interesting to notice that the efficient frontier derived from world leading indices and stocks and indices from SEE markets together overlaps the efficient frontier of the SEE market in the "upper" part of the curve. These findings enable us to conclude that investors with low risk aversion, (investors with a flatter indifference curve), will have no benefit from spreading out their investments from SEE to the world's leading markets, and vice versa. On the other hand, investors with high risk aversion and a steep indifference curve have an additional benefit from wider diversification.
The question is whether we can choose a subset Source: Authors of the dataset stocks that would be simple in terms of portfolio management selection, and yet good enough to explain the previously defined efficient frontiers. We find this answer by using principal component analysis.
Results of principal component analysis
Conducting principal component analysis removes highly correlated investments in the sample and identifies correlated assets that have the same high numbered PC, each with a high loading. The procedure eliminates these highly correlated investments. In the diversification context, this elimination will result only in a small decrease in diversification potential. In our analysis of 60 stocks and indices, four iterations have been conducted with a deletion criteria of 1 and a stopping criteria of 0.7. Principal component analysis conducted on 60 assets extracted 60 components, among which 45 components had eigenvalues lower than 1. Those 45 components with eigenvalues lower than 1 were included in further analysis, while components with eigenvalues higher than 1 were excluded. The Component Matrix was used to select which stocks or indices among the 60 should be excluded. Those components with eigenvalues lower than 1 are further analysed in the Component Matrix. Stocks and indices with extremes within the component are excluded from the next iteration. Out of 60 assets included, 36 unique stocks and indices were excluded in the first iteration of the analysis. The dimension reduction process was repeated a second time. In the second iteration 24 components were identified, among which 18 had eigenvalues lower than 1. Out of 24 investments included, 14 unique stocks and indices were excluded in the second iteration of the analysis.
The dimension reduction process was repeated a third time. In the third iteration 10 components were identified, among which 6 had eigenvalues lower than 1. Out of 10 investments included, 6 unique stocks and indices were excluded in the third iteration of the analysis. A final forth iteration resulted in 4 components and 4 assets. The last eigenvalue was 0.717, higher than the 0.7 stop criteria, and the process was finished. The results are presented in Table 4 .
For all iterations a Kaiser-Meyer-Olkin Measure of Sampling Adequacy and Bartlett's Test of Sphericity allowed the conduction of PCA. See Table 5 .
The principal components obtained from the selected four stocks and indices were approximately the same as the original 4 assets. When there is a low correlation among the original investments a PCA extracts little useful information. Table 6 shows the reduction of correlation among remaining assets in four iterations in PC analysis.
We further investigate the differences in the meanvariance efficiency of 4 asset portfolios obtained in the fourth iteration. The selected four PCA assets consist of Sojaprotein, Dow Jones, Telekom Srpske and ZTC Banja Vrućica.
With the selected 4 PCA assets we formed an MV efficient frontier and checked how many randomly Source: Authors selected portfolios made up of any 4 assets were contained within this convex set. In total, we created 3000 portfolios formed from 4 randomly selected investments. The results show that only 138 portfolios could be found outside the convex region bounded by PCA 4 assets' efficient frontier. Based on these results we can conclude that efficient portfolios composed of these four assets dominate over 95% of all portfolios composed of any 4 assets in terms of the Markowitz definition of dominancy. We checked the domination of efficient sets over the randomly selected portfolio consisting of more than 4 equities and we concluded that these MV portfolios are far more homogeneous, so that this percentage is only higher. These results are not present in the paper but are available on request. Figure 3 shows two lines, the red representing the efficient frontier derived from PCA selected assets (PCA4) and the blue representing the efficient frontier derived from all observed equities (EF 60). The green dots in the figure represent 3,000 randomly selected portfolios formed from 4 randomly selected equities. The red dot represents an equally weighted PCA 4 asset portfolio.
We find that this small number of asset portfolios (PCA 4) outperforms some of the world leading indices, i.e. DJIA, DAX, FTSE 100 and NIKKEI 225. The only index that performs better than the 4 PCA assets' portfolios in the observed period is the NASDAQ index. Also, substantial additional diversification still can be achieved by including all 60 assets in the portfolio selection process.
Note that PCA 4 stocks and indices are from three different markets. Although the Minimum Variance portfolio of PCA 4 assets does not match the Minimum Variance portfolio of 60 assets, Figure 3 shows that the efficient frontier of PCA 4 assets is very close to the efficient frontier of 60 assets in the "lower" part. From our analysis it can be concluded that PCA 4 asset-efficient frontier portfolios achieved by applying the PCA method offer a good risk reduction effect. Table 6 . Maximum correlation depending on the number of stocks retained. 
CONCLUSION
In this paper we tested portfolio diversification possibilities in South-East European equity markets. Our sample consists of stocks from capital markets in the following SEE countries: Croatia, Serbia, Montenegro, Macedonia and Bosnia and Herzegovina. In addition, we included indices from Bulgarian and Romanian capital markets and also 9 indices from capital markets in developed countries: USA, Germany, United Kingdom, Japan, Italy and Austria. The analysis was conducted with monthly stock and indices returns.
We find that national capital markets itself are quite inefficient from the mean-variance standing point of view, while the Macedonian capital market was the best performing in the observed period. Our research offers evidence that there is a benefit from spreading out portfolio investments from the abovementioned five national stock markets to the SEE region, i.e., regional capital markets offer substantial diversification opportunities. Integration among these markets is obviously not high and the SEE market efficient frontier performs much better than any national capital market efficient frontier.
We also find that there is a rather limited diversification benefit from spreading out the investments from the SEE markets to the world leading capital markets, or vice versa. The SEE market offers diversification possibilities that are similar to those of leading world capital markets, represented by the leading world indices, at least for those investors with low risk aversion. Only international investors with high risk aversion could gain some benefit by including SEE market stocks in their portfolios only. We can conclude that there is a limited diversification benefit from spreading out the investments from the SEE market to the leading world capital markets, and vice versa, due to the high integration of the SEE market with leading world markets. The high integration of international capital markets and fewer diversification possibilities are a consequence of the financial crisis, so our results are in line with most studies on this topic. It is important to keep in mind that within the analysed period, 1 st January 2006 until 1 st April 2016, a financial and economic crisis occurred (the period form 2008 -2010). Financial and economic crises could have an impact on the obtained results, since PCA could have excluded stocks that were highly correlated in this period. On the other hand, investors are searching for stocks that will provide the best diversification possibilities also in periods of financial and economic crisis; therefore this argument is strong enough to exclude those correlated stocks.
The second objective of our research was to determine the subset of the observed set of investments, which is the best represented of the returns' variability. Markowitz modern portfolio theory states that portfolio risk is reduced by combining assets with low or negative correlations. That was the reason why we decided to apply the principal component analysis as criteria for asset selection. The idea then was to observe correlations in the structure of assets, identify uncorrelated risk sources in the market and choose assets from different risk sources.
The results and conclusions of this analysis rely on efficient frontier construction for the beginning set of assets as well for the selected subset of assets. We tested the selection quality by comparison with the mean-variance characteristics of randomly selected portfolios and the efficient portfolios of assets derived from PCA analysis. Based on the results of our analysis, we conclude that 4 PCA selected asset portfolios dominate over 95% of all potential portfolios composed of any 4 assets in terms of Markowitz definition of dominancy. For further analysis we recommend formulation of an efficient frontier, with 10 PCA selected assets (iteration three in the PCA analysis) and its comparison with the opportunity set of all possible portfolios of sample stocks and developed capital market indices, since 60 asset portfolios are still better performing than 4 PCA asset portfolios.
The main conclusion of our analysis is that PC analysis substantially simplifies the asset selection process in portfolio management. PCA-selected asset portfolios dominate over 95% of all potential portfolios with the same number of assets included. We hope that PCA might reduce the numerous calculations and estimations currently involved in efficient portfolio investing.
